 Setup of individuals 1
Each individual is associated with the following information (trait values): 2
Periodicity alleles 3
The locus for the determinant of maturation has two different alleles: a temperature (size)-dependent 4 allele (a) and a time-dependent (periodicity) allele (A). We assume that the periodicity allele (A) is 5 dominant and the non-periodicity allele (a) is recessive. Therefore, individuals with AA and Aa 6 genotypes emerge periodically, whereas those with aa genotypes emerge when their larval size 7 exceeds a certain threshold (mature size). The genotypes of the ancestral cicadas are aa, and those of 8 AA and Aa are periodical cicadas. We also evaluate the evolution of periodicity assuming that the 9 periodicity allele is recessive and the non-periodicity allele is dominant. Simulation runs begin with 10 all individuals having only temperature-dependent alleles; then, when the ancestral cicada population 11 reaches a low stable density (step t=1,000) , bidirectional mutation at the emergence locus is 12 introduced at the rate of 0.001 per locus. We also test the case where the temperature-dependent 13 allele is dominant under varying mutation rates (0.001 to 0.01). 14 When we introduce periodicity alleles, τ-year period is introduced for τ=10-20. Within each 15 simulation, only a single τ-year periodicity is introduced. We tested 10-to 20-year periods separately. 16
The remaining year before emergence is also recorded for periodical cicadas. In the initial 17 conditions, all individuals are set to have non-periodicity alleles. We introduced mutation at t=1000 18 (year) when the steady-state densities are reached. For each allele, bidirectional mutation is 19 introduced at the birth of an individual at the rate of 0.001 from time step t=1,000 to the end of 20 simulation steps (a↔A). We also run the simulation assuming one mutation per individual, such that 21 no individual has a simultaneous double mutation (Fig. S11) . 22 23
Age and virtual longevity 24
An egg has an age of zero years when it is deposited. Here, we assume that all non-periodical 25 nymphs die if they do not reach maturity before the introduced period length (τ year). We also 26 evaluate the effect of relaxing this condition by assuming that each individual nymph has the 27 maximum virtual longevity of 50 years (Agemax=50 years). In warm climates, all cicadas should have 28 emerged as adults or died before this age limit. However, in very cold climates, many nymphs never 29 reach the adult stage and die with this 50-year age limit (see Fig. S3 ). The age (Age) of non-30 periodical cicadas ranges from 0 to 50, whereas that of periodical cicadas ranges from 0 to τ (τ, 31 periodicity of emergence; 10≤τ≤20) because all periodical cicadas that reach maturity emerge as 32 adults. 33 34  Setup of yearly nymphal mortality
35
Yearly nymphal mortality is set following the Beverton-Holt model 32 . In this model, there are two 36 parameters, λ and k. The original settings are used for these two parameters (λ=1.005 and k=250: red 1 line) for most simulation runs (Fig. S2 ). Mortality may be affected by yearly temperatures, with 2 lower temperatures increasing nymphal mortality. Freezing temperatures will not only reduce the 3 root water flow available to the nymphs but also promote nymph desiccation, resulting in high 4 nymph mortality. Therefore, we also vary these parameters to determine their effects. We first test 5
various k values (k=200, 250, 300; supplementary Fig. S6 ). We assume that a cool environment has a 6 low k parameter value (=200). In contrast, a warm environment has a high k (=300). We also vary λ 7 (λ=1.003, 1.005, 1.007) (Fig. S6, S7) . individuals are tracked during each time step. We only consider a female population and the 12 corresponding male population is assumed to be identical, except for the penalty of birth rates, which 13 is only associated with females. The simulation procedures are as follows: 14 1) Initially, we set the population size at 10,000 individuals, i.e., NA(t=0)=10,000. All individuals are 15 non-periodical cicadas with genotype aa. 16
2) Adult reproduction and nymphal growth are as follows: 17
(1) Adult cicadas mate and reproduce with a given birth rate. The birth rate is set as b=10 or as 18 otherwise specified. All adults die immediately after reproduction. 19
(2) All eggs hatch immediately to become nymphs of age 'zero' years. 20 (3) The 0-year nymphs suffer no annual mortality. 21 (4) The nymphs of each age (LAge for Age=1, …,49) suffer from annual mortality DR. 22
(5) The 50-year nymphs that do not reach maturity die before emerging as adults. 23 (6) The mature nymphs emerge to become adults. 24 (7) If the total number of emerging adults is less than the critical population size Nc, no 25 reproduction takes place, resulting in extinction. However, if the total number exceeds Nc, return to 26 step (1) and repeat the nymphal growth process for up to 999 time steps. 27 3) Upon the 1000th step, we introduce a bidirectional mutation between the periodicity and non-28 periodicity alleles ("A"↔"a") in the offspring population at a mutation rate of 0.001 when 29 reproduction takes place. 30 4) Emergence takes place as follows. Non-periodical nymphs emerge when they mature (Taccume, 31 i(t)≥Tmature=10). Periodical nymphs become adults when they reach the given period (τ year). A 32 female periodical cicada emerging with insufficient accumulated temperature (Taccume(τ)<Tmature=10) 33 is given a discounted birth rate (i.e., bp,ins,i). The results are based on 50 simulation runs for each condition. The Allee effect is set as 7 the critical population size Nc, below which the population is set to extinction, such that 8 Nc=100. The annual mortality parameter is set as k=250, λ=1.005. The penalty of 9 reproduction due to immature periodical cicadas is set to be dependent on the shortage 10 of accumulated temperature. The extinction threshold of the Allee effect is set as Nc=100. The penalty of The extinction threshold of the Allee effect is set as Nc=100. The penalty of periodical cicadas is set to be dependent on the shortage of accumulated temperature.
9
The results are based on 50 simulation runs for each condition. See text for details. The extinction threshold of the Allee effect is set as Nc=100. The parameters for annual 
